Thi s article argues that differences in gdp growth rates are related to differences in income-elasticities; and that these, in turn, depend on the technological intensity of domestic production. Statistical tests were conducted to verify this hypothesis; and the following hypothetical elasticities were estimated to demonstrate its validity for the Brazilian economy: (i) basic; (ii) expanded with capital flows; and (iii) implicit.
There is a vast literature that highlights the key role of foreign-trade elasticities in determining Brazil's gross domestic product (gdp) (Jayme Jr., 2003; Santos, Lima and Carvalho, 2005; Porcile and Lima, 2006; Vieira and Holland, 2006; Carvalho and Lima, 2008) . Although these studies have all acknowledged the external constraint on the country's growth, as proposed in Thirlwall's Law (Thirlwall, 1979) , little progress has been made thus far in understanding the mechanisms that determine the elasticities in question. Nonetheless, several recent studies have shown that the productive structure has a major influence (Gouvêa and Lima, 2009; Araujo and Lima, 2007) . 1 This article argues that differences in gdp growth rates are related to differences in income-elasticities, which in turn, depend on the technological intensity of domestic output. The article propounds the thesis that structural change, in other words variations in sector gdp shares, also helps ease the external constraint on growth, since the changes are reflected in the country's foreign-trade specialization pattern. Implicit in this argument is the hypothesis that the different sectors produce goods with different elasticities, thereby validating a multi-sector 1 This result was obtained by considering a multi-sector model of Thirlwall's Law, in which each sector's specific production faces a different income-elasticity of demand. The total income-elasticity of the economy is calculated as the sum of the elasticities of the different sectors, weighted by their share of national output. Changes in the composition of the productive structure thus also affect the economy's total income-elasticity of demand.
version of Thirlwall's Law, such that changes in their output shares are reflected in national elasticity. 2 A variety of statistical tests were performed to corroborate these hypotheses. Firstly, the following hypothetical elasticities were estimated using different databases: (i) basic ; (ii) expanded with capital flows (Moreno-Brid, 2003) , and (iii) implicit (Atesoglu, 1997) . Co-integration techniques were used along with vector error correction (vec) to estimate real elasticities for each technological category of production in Brazil's trade matrix. These categories were constructed from a classification of products by technological level, following Lall (2001) . The results of the analyses are corroborated by analysing innovations in the model, through impulse-response functions and the decomposition of the forecast error variance. Lastly, an attempt was made to identify the trend of Brazil's trade elasticities, using the methodology proposed by Gouvêa and Lima (2009) .
Following this introduction, the article has another four sections. Section II discusses the KaldorianKeynesian theory of balance-of-payments-constrained growth. Section III outlines the recent specialization of Brazil's productive structure in low-technology products, as revealed by the pattern of its trade matrix. Section IV describes the methodology used to test Brazilian data and the results of the estimations; and section V presents the conclusions. 2 Theoretically, each country's productive structure determines its pattern of international trade.
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II
Theoretical framework
Understanding the causes of unequal economic growth was always one of the major topics of study in the Kaldorian-Keynesian theoretical framework (Kaldor, 1966; Thirlwall, 1979; McCombie and Thirlwall, 1994) . The cited studies all view demand as driving the economic system, so growth-rate differences between countries are interpreted as the outcome of different rates of growth of demand, which vary from one country to another according to the constraints they face. Thirlwall (1979) stresses the role of the balance-of-payments constraint in economic performance, given the need for long-term external equilibrium. The fact that balance-of-payments deficits cannot be financed indefinitely means that aggregate demand eventually has to be adjusted. As a result, "…Investment is discouraged; technological progress is slowed down, and a country's goods compared with foreign goods become less desirable so worsening the balance of payment still further, and so on. A vicious cycle is started. By contrast, if a country is able to expand demand up to the level of existing productive capacity, without balance-of-payment difficulties arising, the pressure of demand upon capacity may well raise the capacity growth rate by encouraging investment, technological progress and productivity…" (McCombie and Thirlwall, 1994) .
This framework envisages demand incentives triggering a virtuous circle of growth that would raise the economy's overall productivity, as factors migrate towards higher-productivity sectors (manufactures), and learning-by-doing intensifies (Kaldor, 1966) . Demand growth alters the sectoral mix of incentives in the economy, promoting certain sectors to the detriment of others. The benefited sectors mainly have higher income-elasticities of demand (which, according to the hypothesis of this query, reflects greater technological content). These sectors also tend to display increasing returns, such that an increase in their share of gdp, with a consequent shift of productive factors towards them, raises the productivity of the economy as a whole. Investment is seen as the key variable in propelling growth; while the importance of the balance of payments stems from the scale of the incentive, or disincentive, it provides to investment growth.
This analytical approach led to the formulation of export-led growth theories, in which exports are the only means of raising the growth rate without a deterioration in the balance of payments.
The balance-of-payments-constrained growth model
Bearing in mind the key importance of external balance for the growth of demand and output, Thirlwall's original 1979 paper developed a growth model under an external constraint in which economic growth is intrinsically related to the income-elasticities of exports and imports. In this model, balance-of-payments equilibrium in local currency is given by:
where E is the exchange rate. Imports (M) are a function of the ratio between prices weighted by the price-elasticity of demand for imports (Ψ<0) and the income-elasticity of demand for imports (π>0), as shown in the following equation: 3
Similarly, exports are a function of the real exchange rate and external income, in which the income-elasticity of demand for exports is denoted by ε >0, and the priceelasticity of demand for exports is η <0, both expressed in foreign currency:
A linear transformation of the equations, subject to the initial balance-of-payments-equilibrium condition, gives the rate of growth of domestic income that is consistent with balance-of-payments equilibrium (McCombie and Thirlwall, 1994, pp. 234 y 235) :
Equation (4) has several implications: (i) if domestic inflation is higher than foreign inflation, the balance-ofpayments-equilibrium growth rate falls, if | Ψ + η | > 1;
(ii) exchange-rate depreciation (e >0) tends to raise the balance-of-payments-equilibrium growth rate, if | Ψ + η | > 1 (this is the Marshall-Lerner condition); (iii) a higher rate of growth of world income raises the balance-of-payments-equilibrium growth rate; and (iv) the higher the income-elasticity of demand for imports (π), the lower will be the balance-of-payments-equilibrium growth rate.
Nonetheless, if purchasing-power-parity (ppp) is accepted as valid in the long run, which means no change in relative prices and domestic inflation equal to international inflation ( p dt -p ft -e t = 0), then equation (4) can be reduced to the one initially proposed by Thirlwall (1979) , which is equivalent to the growth rule proposed by Harrod (1933) :
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The empirical evidence presented in McCombie and Thirlwall (1994) confirms this relation, and shows that a pre-requisite for raising a country's growth rate is overcoming the balance-of-payments constraint. This is achieved through policies to stimulate an increase in the income-elasticities of exports and reduce those of imports. Nonetheless, to bring that paradigm closer to the reality prevailing in developing countries, new explanatory factors need to be considered, such as capital flows, exchange-rate variations, and changes in debt-service payments (Thirlwall and Hussain, 1982; McCombie and Thirlwall, 1997) .
Firstly, capital flows are very important in developing countries, because they make it possible to run temporary current-account deficits. This means that countries with trade deficits can keep growing provided they can finance the deficit through the capital account. Nonetheless, capital inflows also generate a liability that may depress gdp growth, since they have to be amortized. The model also needs to take account of interest payments abroad, because, at some point, a trade surplus will be needed to service the debt. In other words, an accumulation of external debt can itself generate the need for a contraction in domestic demand (income), to generate a balance-of-payments surplus to pay debt service, which will thus reduce the growth rate (Moreno-Brid, 2003; Barbosa-Filho, 2001) . Moreno-Brid (2003) incorporate these components to obtain the following balance-of-payments-equilibrium condition:
where F represents capital flows, and R is the real value of capital services. Weighting factors are also included: θ1 for the share of exports in income, and θ 2= (1-θ1) for the income-share of capital. Expressed as growth rates:
where r is the variation in net interest payments, f is the variation in capital flows, and θ1 and θ2 are the following ratios measured in the initial period:
Lastly, a sustainable borrowing constraint, F/Y = k, is also introduced, which in terms of growth rates is given by:
Substituting this constraint in (7) and using the same export and import functions, the balance-of-paymentsequilibrium growth rate in the presence of capital flows is given by:
The first term represents the effect of changes in the terms of trade; the second shows the effect of export demand; the third, the effect of interest payments; and the fourth, by subtracting in the denominator, the effect of capital flows. In the absence of capital flows, θ1 = 1, which returns us to the initial result of the Harrod (1933) growth rule.
Productive structure and its effect on elasticities
The fact that elasticities are important for growth calls for deeper research into their determinants. 4 Although an economy's potential output is determined by the rate of growth of demand, the balance-of-payments-constrained growth approach reiterates the importance of the supply characteristics of goods (non-price competitiveness). Thus, if one assumes a country that produces a variety of goods with different elasticities, in which the total income-elasticity of the economy is calculated as the average of the sector elasticities, weighted by each sector's share in the productive structure, then a change in the economy's productive structure will affect the income-elasticity of imports and exports, since different sector-demand growth rates result in different growth rates for the economy as a whole. Based on this rationale, Araujo and Lima (2007) develop a multi-sector model and reach what the authors joão PRAtEs RoMERo, fABRíCIo sILVEIRA AnD fREDERICo g. jAyME jR.
C E P A L R E V I E W 1 0 5 • D E C E M B E R 2 0 1 1 refer to as the Multi-sector Thirlwall's Law (mstl). The chief implication of this model is that changes in sector shares in the economy, in other words changes the structure of production, have repercussions on the overall economic growth rate. As a result, "a country can still raise its growth rate even when such a rise in growth of world income does not occur, provided it is able to change the sectoral composition of exports and/ or imports accordingly" (Gouvêa and Lima, 2009) .
According to Thirlwall's traditional approach, the final equation of the Araujo and Lima (2007) model shows that each country's growth rate is directly proportional to the rate of growth of exports. This proportionality is related inversely to the sector income-elasticity of demand for imports and directly to the sector income-elasticity of demand for exports. In short, the growth rate depends on the sector composition of the economy.
In seeking empirical validity for this sectorformulation of Thirlwall's Law, the aforementioned authors estimate the mstl elasticities for several Latin American and Asian countries and find that the most technology-intensive sectors have a higher incomeelasticity, with smaller differences for imports than for exports. They also conclude that both the original version of Thirlwall's law, and its multi-sector formulation, adequately represent the economy's growth rate. Lastly, with sector income-elasticities estimated as relative weightings, the authors use each sector's foreign-trade share to calculate a weighted average of the annual changes in the elasticities, thus indicating the process of structural change.
This evidence shows that, as industrialization deepens, and, in particular, as higher-technology-intensive sectors gain a larger share of gdp, the elasticities of exports and imports also change, directly affecting output growth rates. Using this framework, this article seeks to identify the relation between the elasticities and the technological content of the goods that comprise the Brazilian trade balance, for the purpose of analysing the effects of structural changes on the country's growth rate.
III
External constraint and productive structure in Brazil: 1962 Brazil: -2010 In an empirical study for a group of countries, McCombie and Thirlwall (1994) concluded that terms-of-trade deterioration is a reality for developing countries (although the real effect of this may be very small), whereas capital flows tend to ease the constraint marginally, albeit temporarily. These results are broadly consistent with the structuralist approach adopted by Prebisch (2000a and 2000b) , which explains the phenomenon by stressing that: (i) the goods produced in developing countries have a lower income-elasticity of demand; and (ii) the goods produced by central countries have a high income-elasticity of demand.
In an analysis of the Brazilian case, Carvalho and Lima (2008) found that the growth achieved between 1930 and 2004 was compatible with balance-of-payments equilibrium. 5 Moreover, by estimating the share of each of the components considered important in determining the growth rate, they concluded that the real exchange rate is statistically insignificant for observed growth, and also that capital flows do not raise the growth rate in the long run. The ratio of elasticities (Thirlwall's Law) accounted for most of the growth during the period, followed by the terms of trade. In the same study, a structural-break test showed that -in a subsample for the period 1930-1993-the ratio of elasticities fell from 7% to just 1.3% between 1994 and 2004, indicating that the growth slowdown in the Brazilian economy during that period reflected a productive structure that was overly reliant on goods with low income-elasticities of demand (or low-technology products, as will be shown) at a time when world trade patterns were reorganizing (Jayme Jr. and Resende, 2009) . Between 1930 and 1993 the terms of trade deteriorated, making a negative contribution to output growth (-0.7%). Thereafter the pattern reverses, and the terms of trade generate average output growth of 1.7%, probably caused by stronger growth in the global economy and the consequent rise in commodity prices. joão PRAtEs RoMERo, fABRíCIo sILVEIRA AnD fREDERICo g. jAyME jR.
Analysing data both for Brazil and for countries of the Organization for Economic Cooperation and Development (oecd), Jayme Jr. and Resende (2009) note that Brazil has not yet overcome the external constraint on growth, because its balance of trade in medium-and high-technology-intensive products has recorded large deficits since the early 1990s. This reflects the lower level of development of Brazil's National Innovation System (sni) and weak national competitiveness. Moreover, following the trade liberalization of the 1990s, technological products increased their share in the country's imports, but not in its exports, thereby reflecting a deepening of the peripheral trade pattern. This shows that the Brazilian external sector remains highly vulnerable to fluctuations in international demand, since its exports are based on low-technology goods, in other words products of low income-elasticity. These results are similar to those obtained by Carvalho and Lima (2008) .
Figures 1 and 2 illustrate how Brazil's productive structure has gradually evolved since 1962. Whereas the share of commodities in Brazilian exports has declined over time, the share of low-technology products in its exports grew until 1995, when they accounted for 45% of the total. Exports of medium-and high-technology products have also been growing, attaining a 33% share by the end of the period. Nonetheless, of that 33%, less than 10% are high-technology products, which means that medium-and low technology predominates in Brazil's exportable output.
On the import side, the 1981-1990 period was dominated by the oil crisis (particularly the second one in 1979), which fuelled a surge in the value of commodity imports. For the rest of the period, imports of low-technology goods remained broadly stable, with a share of around 25%. Imports of medium-and high-technology goods grew sharply, from a 34% share to 52% by the end of the period, of which about 20% represents high-technology goods.
To summarize, figures 1 and 2 show that structural change in the Brazilian economy is not yet complete, so there is still major potential for expanding the production of medium-and, particularly, high-technology goods. Lastly, it should be noted that the black lines in these figures show how changes in income-elasticity have gone hand-in-hand with changes in the sector composition of the economy. 6 Despite the structural change that occurred between 1962 and 1985, figure 1 shows that the Brazilian export basket since 1986 has been based essentially on natural-resource-intensive goods and commodities, whereas medium-and high-technology products have increased their share of imports. In 6 The estimation of these income elasticities will be presented in the next section. 1962-1966 1967-1971 1972-1976 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2007 Medium-and high-technology Income-elasticity of exports (right-hand axis) 1962-1966 1967-1971 1972-1976 1976-1980 1981-1985 1986-1990 1991-1995 1996-2000 2001-2005 2006-2007 IV Empirical analysis
Calculation of hypothetical elasticities
In the economic literature, real elasticities have been estimated empirically using various alternative methods. As data relating to certain economies and periods are often incompatible, some studies suggest substitutes for these elasticities, which are also known as hypothetical elasticities. The most frequently used definition is presented by , who defines "hypothetical income-elasticity" as that which equalizes the observed and theoretical growth rates: π' ≡ x/y. 7 A second substitute for the elasticities can be obtained in the same way, although following the specifications of the model proposed by Moreno-Brid (2003) . Jayme Jr. (2003), estimates an "implicit elasticity", π'', which is obtained from the co-integration coefficient estimated from the relation lnYt = (1/π'') lnX t . Hypothetical elasticities can thus be expressed as follows:
3) 3 = 1 / β π obtained by the co-integration of lnY t = βln X t where x, y and r are expressed in the average growth rate for the period analysed; and θ1 and θ2 are calculated for the initial period.
To check the appropriateness of these estimations for Brazil, the corresponding elasticities between 1962 and 2007 were calculated. 8 Clearly the results are similar, although the MorenoBrid model gives slightly higher values than those of the original model -probably because the latter did not include capital flows, which results in the elasticity being underestimated. These estimates provide initial guidance on the expected size of the real elasticities, obtained through the econometric procedures described in the next subsection. Based on this classification, different models were estimated for each of the import and export categories, designated as follows: (i) medium-and high-technology manufactured goods, hereinafter referred to as M1 and X1 for imports and exports, respectively; (ii) lowtechnology or natural-resource-based manufactures, m2 and x2, respectively; (iii) international commodities, M3 and X3; and (iv) total imports (M0) and exports (X0). The basic equations to be estimated are, therefore, the original import and export demand functions of Thirlwall's Law:
where i ∈(0.3) represent the different technological categories, M imports, X exports, R the real exchange rate, Y domestic income, and Z foreign income.
-Estimation methodology A group of series is said to be co-integrated of order p-q [denoted CI(p, q)] if: (i) all of the series are integrated of order p [denoted I(p)], and (ii) a linear combination of them is integrated of order p-q, (q >0). Accordingly, tests were initially performed to identify the stationarity of the series under study. Although the augmented Dickey-Fuller test (adf) is usually adopted for this purpose, it is highly sensitive to the number of lags in the model and it assumes a lack of autocorrelation and homoscedasticity in the residuals of its equation. Accordingly, in cases where the residuals of the adf test equation are non-normal, the PhillipsPerron (PP) test, based on a stochastic process MA(1), gives better results.
Annex 1 of this article summarizes the adf and pp test statistics for one and three lags of the series expressed in terms of levels and first differences. The number of lags was chosen on the basis of the normality criterion for the adf equation residuals. Consequently, the pp test gives the best results for one interval, whereas the adf test is more powerful for three lags. As can be seen, the null hypothesis of no-stationarity is accepted for all variables in the study expressed in level terms; but it is rejected for first differences, which confirms that the series being studied are integrated of order 1, or I(1), so the existence of a long-term relation between them can be tested.
The "Johansen procedure" (Enders, 1995) was used to check the co-integration of the series and to estimate its long-term vector, since this is an easier method to apply (in a single stage); it also avoids spurious regressions and makes it possible to estimate consistent parameters for the model. The specification of the models to be tested was chosen on the basis of minimizing the information criteria most widely used in the literature, namely the Schwartz Information Criterion (sic); the Akaike Information Criterion (aiq); the Hannan Quinn Information Criterion (hqc), and the Final Prediction Error (fpe). These criteria were estimated using a maximum number of lags in the sixth interval owing to the small number of degrees of freedom in the models; and their results are summarized in annexes 2 and 3. The trace statistics results (indicating the number of co-integration vectors between the series) are reported for each model in annexes 6 and 7; and the normality tests (autocorrelation and heteroscadasticity) of the residuals are shown in annexes 4 and 5, for each of the specifications posited as a long-term relation.
The results for the co-integration vectors are presented in the next subsection. The following specifications were estimated for all models: (i) without constant; (ii) with trend; and (iii) with constant and co-integration vector. Nonetheless, only the results for the model with the constant in the co-integration vector are reported, since these produced the most robust test results.
A vector-error-correction (vec) model was developed to identify short-term relations and causality between the variables. Given the structure of the vec to be estimated, and unlike the vector autoregression model (var) from which it is derived, ordinary least squares (ols) estimation is not appropriate, because cross-equation restrictions have to be imposed. Although the results are not shown, they will be fundamental in analysing the repercussions of innovations in the system Two tools were used to analyse innovations: impulseresponse functions and decomposition of the forecast error variance. The first of these makes it possible to simulate the behaviour of the n variables of the model through time, in response to a shock in the residuals of each of the variables under analysis. This is possible thanks to the partial correlation that exists between the residuals of each of the series in the model, although it is assumed that any change in these residuals will be caused by exogenous shocks. Given the short convergence interval of the series, the graphs of the impulse-response functions cover a period of just 10 years. The second tool, the variance decomposition, complements the first, by making it possible to dynamically analyse the behaviour of the variables subject to shocks; and it shows the weight of the residuals in the final prediction error of the models for each period. Given the annual interval of the data and their relatively rapid convergence, selected results for the first 20 periods will be shown.
results
(a) Income-elasticities of imports
Initially, the following long-term relation was used: m(i) = r + y (lowercase variables are logarithms). As the information criteria diverged in terms of the ideal model specification for each import category, all of the models suggested for the criteria in question were estimated. Annex 2 shows the ideal number of lags (denoted by "p") in the var for each criterion. As can be seen, for the most generic model for Brazilian imports as a whole (M0), the ideal varied between one and five lags; so tests were conducted for normality, autocorrelation and heteroscedasticity in the residuals of these estimations (see annex 4). The choice of final specification for the vec model took account of all of the tests performed for each import category. To ensure standardization and comparable elasticities for each import category, the 3-lag model was adopted (p=3). Although the analysis of the foregoing tests can, in some cases, indicate other specifications as the best fit, the fact that the estimated co-integration vector was not very sensitive to the different specifications justifies the decision to standardize the co-integration vectors described. As shown in annex 6, the trace statistics show the existence of at least one cointegration relation between the variables, for all import categories. The normalized co-integration vectors are shown in table 3.
Although interpreting the coefficients of co-integration vectors is always hazardous, the variables were significant in all models, and the coefficients showed that imported goods of high/medium and low technology (M1 and M2) have similar income-elasticities. Only in the case of commodities (M3) is there a significant difference in level, which is compatible with the theoretical paradigm that indicates a lower income-elasticity of demand in the case of commodities. These results might suggest a relative weakness in domestic industry, even in low-technology goods, since income growth is promoting more than proportional increases in the demand for these foreign goods. The estimated elasticities are also fully compatible with the hypothetical ones, calculated previously.
To guarantee the robustness of the parameters, new autoregressive vectors were estimated for each technological category, although restrictions were imposed on the value of the income-elasticities to make them equal to those of the other categories. This made it possible to conduct likelihood-ratio tests 10 for each of the vectors estimated, to verify their statistical "singularity" -in other words, guarantee the statistical difference of the elasticities estimated for each technological category. The results of these tests are shown in annex 8. Nonetheless, the p-value of the test shows that the null hypothesis of statistical equality between the parameters is not rejected merely by comparing the income-elasticities of imports of high-technology and low-technology manufactured goods (M1 and M2, respectively). In the other cases, parameter equality is rejected at the 5% significance level, thereby confirming different income-elasticities for each level of technological intensity.
As the purpose of this article is to analyse the income-elasticities, the coefficients found for the priceelasticities will be highlighted (effects of the real exchange rate). Nonetheless, these show a decreasing relation null hypothesis is that each of the parameters in the test is equal to the predefined value. The test statistic compares the value obtained with that of a chi-squared distribution with (p-r)rl degrees of freedom, where r is the total number of verified co-integration relations, p is the number of lines of the constraint matrix on the betas (equal to 1), and rl is the number of columns of that matrix (equal to the number of parameters in the model used).
with the technological level of traded goods (the sign of the coefficients is reversed). A notable result is the fact that the sign of this elasticity is contrary to expectations only for the commodities vector. Although unusual, this result is broadly consistent with the data and with all of the alternative models estimated: var(0), var(1), ols(1). One possible explanation for this behaviour of the parameter is that exchange-rate devaluation could elicit an increase in commodity imports, since these products are needed to produce tradable goods. Another possible hypothesis is that the use of import values is price-biased, so an import volume index might change the result of this parameter. Finding an explanation for this behaviour provides an interesting agenda for future research. Figure 3 shows the impulse-response functions for the aggregate imports model (M0). 11 The analysis of these innovations makes it possible to visualize the short-run relations between the variables and, thus, also establish their causality relations. It is also possible, along with the variance decomposition, to analyse the dynamic mechanisms that propagate the effects of exogenous shocks on the variables of each model. Figure 3 shows that an exogenous one-standarddeviation shock to imports has only minor repercussions on the other variables of the model, displaying a positive relation with income and a negative relation with the real exchange rate. Such a shock is almost completely absorbed in the first two periods. In contrast, a realexchange-rate shock (second column) has a one-period lagged effect, but a large (negative) repercussion on imports and a relatively smaller (positive) one on income. The chaining of the relations between the variables dampens the propagation of the effects of the shock, which are fully dissipated only in the eighth period. An exogenous shock to income (third column) does not have a contemporaneous effect on imports, which only respond (positively) in the subsequent period. In contrast, the real exchange rate has an immediate impact. These effects disappear in the third period in a direct convergence process. Table 4 shows the results for the analysis of the variance decomposition. Although most of the final prediction error for m is due to its own innovations, these lose relative importance through time, both for r (one lag) and for y (two lags). In the case of y, whereas in the current period 71% of its variance stems from the 11 The grey lines in the impulse-response graphs represent the 95% confidence interval generated from a bootstrap procedure with 100 reiterations. C E P A L R E V I E W 1 0 5 • D E C E M B E R 2 0 1 1 variation of r and just 25% from its own innovations, over 10 periods the proportions change to 58% and 31%, respectively, leaving just a residual part for m. The final prediction errors for r stem mainly from changes in the real exchange rate itself. Nonetheless, as from the subsequent period there is a significant increase in the relative weight of m, which maintains a 12% share in exchange-rate errors through time, whereas y is important continuously.
(b) Elasticity of exports
The following long-term relation is proposed for exports: x (i) = r + z. As was done in the case of imports, tests were performed to select the model (see annex 3) -tests of normality, heteroscedasticity and autocorrelation of the residuals of the estimated models (annex 5), and co-integration tests (annex 7). On the basis of the information thus obtained, the ideal model for all cases would be between the two-and three-lag specifications. Given the similarity of the estimated coefficients in the two models, and to make the analyses between the import and export elasticities compatible, the three-lag specification was chosen. The normalized co-integration vectors for each export category are shown in table 5.
Bearing in mind the hazards of interpreting coefficients in co-integration vectors, the estimated income-elasticity of exports appears to be an increasing function of the technology incorporated in the exported Brazil: impulse-response functions for imports Source: Prepared by the authors. goods. Furthermore, the demand for Brazilian mediumand high-technology goods responds strongly to changes in global income, whereas commodities tend to be income-inelastic. With the disclaimers mentioned above concerning the analysis of co-integration coefficients, in particular because the co-integration vector does not define a causality relation between the variables, this result raises important issues, especially in view of the large differences found between the elasticities of each category of goods. Annex 9 contains the results of the likelihood-ratio tests for the incomeelasticities of exports, which show that the elasticity levels for each sector are statistically different: the null hypothesis that the coefficients are equal is rejected (in the case low-technology manufactured goods (X2), the income-elasticity differs from the others only at a 10% significance level).
The estimated results suggest that, if the external constraint posited by Thirlwall's Law in any of its versions is valid, an export basket that is biased towards goods with higher technological content could support higher gdp growth rates than one based particularly on commodities, as is the case in Brazil.
In relation to the price-elasticities of demand for exports, the same pattern is seen as in the case of imports: the elasticities in question are directly proportional to the level of technology incorporated in the products. This result stands in contrast to the different income-elasticities of imports and exports. The impulse-response functions for aggregate exports (X0) are shown in figure 4 . Figure 4 shows that an exogenous shock to exports has an immediate, but relatively insignificant, effect both on external income (positive) and the real exchange rate Brazil: impulse-response functions for exports Source: Prepared by the authors. C E P A L R E V I E W 1 0 5 • D E C E M B E R 2 0 1 1 (negative). The contrasting and unlagged behaviour of x and r needs to be emphasized. Variations in the real exchange rate (second column) do not have a significant impact on the other variables. This result is very different from that obtained for imports and shows that the exchange rate behaves asymmetrically, affecting imports more than exports. Moreover, an exogenous shock to external income gradually tends to increase exports, in a proportion peaking at 1:1 in the second period, after which the effect starts to fade. The exchange rate moves in the opposite direction to exports, appreciating as exports grow and depreciating as they decline. Table 6 shows the variance decomposition for selected periods of the model. The results show the major weight of z in the variation of x as from the third period, following a shock to x. As noted above, variations in the real exchange rate have virtually no effect on the change in exports. The exchange-rate variation, albeit predominantly affected by its own innovation, with time responds to the small variations it caused in x. The variance of exports gradually gains importance as an explanatory factor of the final prediction errors for z.
(c) Trend of Brazilian elasticities
According to the original version of Thirlwall's Law (y = εz/π), the greater the income elasticity of demand for a country's exports and the smaller the incomeelasticity of its imports, the higher is the growth rate that is compatible with long-term balance-of-payments equilibrium. The tests reported in this study show that the greater the technological content of domestic output, the higher is the income-elasticity of exports and the lower is the income-elasticity of imports. This means lower growth rates compatible with balance-of-payments equilibrium and less easing of the external constraint on growth.
A simple exercise that clearly illustrates this point consists of simulating the trend of Brazilian gdp growth rates that are compatible with external equilibrium, based on the previously estimated elasticities. The latter are used to verify hypothetical gdp growth rates for Brazil, under three different external-trade patterns: (i) a country specialized in high-technology exports and low-technology and commodity imports; (ii) a country specialized in exports of low-technology manufactured goods and imports of all types of goods; and (iii) a country specialized in exports of commodities and imports of all types of manufactures. The average annual growth rate would be on the order of 6.75% in the first case; 3.67% in the second case and 2.03% in the last. In contrast, the actual Brazilian trade pattern produces average annual growth of 3.26%, which shows that the country is closer to the second pattern described above.
The last pattern is very similar to the average growth rates actually delivered by Brazilian gdp in the 1990s, which is unsurprising given the way the country participated in international trade. Moreover, the growth rates that are compatible with balance-ofpayments equilibrium differ sharply according to the trade structure adopted; and specialization in exports of high-technology goods clearly relaxes the external constraint on gdp growth.
As proposed by Gouvêa and Lima (2009) , the elasticities estimated for the different technology levels can be used to analyse how Brazilian trade elasticities have evolved from year to year (see figure 5) . The income-elasticity of imports is practically unchanged from its 1960 level at the end of the period, having risen from 1.2% in 1962 to just 1.3% in 2007. The trend of imports shows a tendency for the income-elasticity to rise at the start of the period, which is consistent with greater need for capital goods imports; but this is reversed in the ensuing period as the import-substitution industrialization model consolidates. The sharp fall in the 1980s reflects the balance-of-payments problems that were being faced by Brazil at that time. As from 1990, the situation is reversed again as income-elasticity climbs back to its initial level. An evaluation of the trend of the income-elasticity of exports makes the picture much clearer. From 1962 until the early 1990s, the elasticity in question rose steadily, suggesting a steady structural shift towards higher-technology-intensive sectors, with exports upgrading particularly from commodities to low-and medium-technology manufactured products. In 1990, the rise in the income-elasticity of exports is interrupted, and it remains broadly constant thereafter (rising from 1.34% in 1990 to 1.36% in 2007).
In figure 6 , these weighted elasticities are used to calculate the gdp growth rate that is compatible with balance of payments stability (Thirlwall's Law) . As a counterpoint to the estimated gdp growth, the actual growth of Brazil's gdp, calculated by the Brazilian Geographical and Statistical Institute (ibge) is also shown. Figure 6 shows that annual gdp growth calculated according to Thirlwall's Law, using weighted elasticities, is very similar to the observed behaviour of gdp. Although estimated gdp growth is higher than the growth actually recorded, an analysis of the corresponding trend lines reveals a high degree of similarity. This situation corroborates not only the validity of Thirlwall's Law but also the sector elasticities estimated in this study. 12 It also shows that calculating weighted elasticities is appropriate for analysing the trend of the incomeelasticities of imports and exports.
This article has attempted to show that structural change favouring sectors that produce technology-intensive goods eases the external constraint on growth by changing the income-elasticities of imports and exports.
Thirlwall's Law is used to show that the growth rate of the domestic economy is ultimately determined by the income-elasticities of demand for imports and for exports. Higher growth rates are associated with a low income-elasticity of imports and a high income-elasticity of exports. Nonetheless, the literature usually treats these variables as exogenous. Araujo and Lima (2007) and Gouvêa and Lima (2009) show that changes in the productive structure of the economy cause changes in the elasticities, which are directly determined via the level of technological development embodied in domestic production. According to Jayme Jr. and Resende (2009) , developed countries tend to participate in international trade as exporters of medium-and high-technology manufactured goods and as importers of commodities and low-technology manufactures -the opposite trade pattern to that seen in peripheral countries such as Brazil.
To corroborate that analysis, this study conducted a series of empirical tests to estimate the incomeelasticities of technologically different categories of Brazilian tradable goods, based on an adaptation of the classification proposed by Lall (2001) , in which the data were reclassified in three groups: (i) commodities; (ii) goods of low technological content and naturalresource-based manufactures; and (iii) medium-and high-technology goods.
V
Conclusions
The test results corroborate the theoretical framework presented, confirming the existence of an increasing positive relation between the technological level of exports and income-elasticity, and the same for imports. This shows that higher growth rates are obtained by participating in world trade as an exporter of mediumand high-technology goods (high income-elasticity) and as an importer of low-technology goods (commodities, low income-elasticity) which is precisely the pattern identified for oecd countries by Jayme Jr. and Resende (2009) . Accordingly, a structural shift is needed to increase the gdp share of sectors producing goods with high technological content.
A separate analysis of the trend of Brazilian elasticities showed the pattern of imports remaining broadly constant, whereas the profile of exports evolved continuously until 1990 (reflecting an increase in the income-elasticity of exports) but not afterwards. The subsequent stagnation of the income-elasticity of exports poses an obstacle to the structural change needed to maintain higher growth rates.
The conclusions stress the importance of technological development as a way to influence the elasticities and thus ease the external constraint. Taking as a basic premise the need to keep demand growing to fuel faster output growth, it was shown that the incorporation of technology in production (or an increase in the share of higher-technology sectors in national output) is essential for sustaining this process and breaking free from balance-of-payments problems.
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